The optimal treatment for cubital tunnel syndrome is widely debated. The purpose of this study is to describe the technique of an endoscopic-assisted ulnar nerve decompression using carbon dioxide insufflation in association with subcutaneous anterior transposition and to assess the success or failure of the method of treatment. Methods: In all, 8 male and 4 female patients with an average age of 42 years (range, 25-56) who presented signs, symptoms, and abnormal neurophysiological studies of cubital tunnel syndrome were recruited in the retrospective study. Between August 2008 and June 2009, they were operated on using a 0-degree lens endoscope. Preoperatively, they were classified according to the Dellon scale, and the Bishop rating system was used to evaluate the postoperative outcomes. Results: Preoperatively, 5 patients were rated as mild, another 5 as moderate, and the remaining 2 as severe. The average length of the incision was 15 Ϯ 3 mm, the mean length of the ulnar nerve decompression was 18 Ϯ 2 cm, and the whole duration of surgery (skin to skin) lasted 30 Ϯ 5 minutes. The endoscopic-assisted cubital tunnel release under carbon dioxide insufflation and subcutaneous anterior transposition surgeries in all patients were performed with no difficulty. All the patients had improvement in symptoms of cubital tunnel syndrome and 10 of 12 patients scored excellent according to the modified Bishop Rating System at a minimum of 1 year after surgery. Conclusions: Endoscopy-assisted cubital tunnel release under carbon dioxide insufflation demonstrated similar results compared with conventional open surgeries, besides, it may avoid problems such as long incision, painful scarring, and have additional advantages of providing an extended endoscopic view, which is safe and mini-invasive with favorable results in a 12-month follow-up.
C urrent surgical treatment alternatives for treating cubital tunnel syndrome (CuTS) vary from standard simple decompression, medial epicondylectomy 1 with limited release of the ulnar nerve to some forms of complete neurolysis with anterior transposition of the ulnar nerve either in a subcutaneous, 2 submuscular, 3 or intramuscular position. 4 Each procedure has its advantages in certain selected patient populations; however, all of them can be associated with extensive soft-tissue dissection and substantial postoperative scarring. 5 Furthermore, owing to the length of skin incision required for adequate dissection to enable tension-free transposition, the medial antebrachial cutaneous nerve and its branches are vulnerable to injury, which may result in a painful neuroma and forearm numbness. Surgical decompression for an isolated peripheral neuropathy should be governed by the following principles: release all potential compression sites; preserve the neural vascularity; transpose the nerve to a more favorable site to prevent the nerve from recurrent compression; minimize invasive manipulation; and allow early mobilization of the associated joint. 6 Given these principles and the concerns noted above, the minimally invasive nature of an endoscopic technique may be attractive for the management of CuTS.
It is not a new concept that the endoscopic techniques are used to dissect soft tissue without a predefined space, endoscopic carpal tunnel release has been performed in many centers all over the world, [7] [8] [9] [10] and some authors have also described their surgical techniques with endoscopic assistance and demonstrated its application to treat other peripheral nerve neuropathies such as exploration of the brachial plexus 11 and the tarsal tunnel. [12] [13] [14] Since 1992, Tsai et al, 15 Nakao et al, 5 Hoffmann and Siemionow, 16 Krishnan et al, 14 Flores, 17 Ahcan and Zorman, 18 and Merolla et al 19 have reported their experiences of endoscopic cubital tunnel release, and all of them were done that within limited space around the target nerve, which may have the risks of injuring ulnar nerve and its branches as well as disruption of the nerve vasculature during dissection. In this article, we present 12 cases successfully treated using our surgical technique by applying an air insufflation pump to effectively create space for thorough release of all potential compression sites of the ulnar nerve with endoscopic assistance. The loose subcutaneous tissue at the elbow enables the potential space for endoscopic instruments to facilitate the release of a long portion of the nerve. After separating the subcutaneous soft tissues under the 1.5 cm incision and identifying the ulnar nerve under direct visualization, carbon dioxide is insufflated at a pressure of 12 mm Hg to create a column-like cavity between the subcutaneous tissue and the antebrachial/brachial fascia. Therefore, the course of about 20-cm length of ulnar nerve as well as its surrounding anatomy can be sufficiently exposed, which avoids unduly soft-tissue dissection and helps to prevent iatrogenic injury to the branches of the medial antebrachial cutaneous nerve and vascularity surrounding the ulnar nerve, 16, 20, 21 besides, it provides an easier access to dissect under direct visualization when removing all potential compression bands.
MATERIALS AND METHODS
Twelve patients (8 men and 4 women) with an average age of 42 years (range, 25-56; male:female ratio, 2:1) underwent the surgery as described in this article between August 2008 to June 2009. Diagnosis was based on history, clinical examination (ie, sensory loss, positive Tinel sign, weakness or atrophy of the muscles innervated by the ulnar nerve, and positive elbow flexion test) and confirmed by abnormal neurophysiological studies (sensory nerve conduction velocity, distal motor latency, and compound muscle action potential). Exclusion criteria were severe cervical spine and shoulder disease, previous trauma to the elbow causing ulnar nerve subluxation, deformity or distortion of the cubital tunnel, or recurrent CuTS after previous surgery or the patients had symptoms of CuTS but neurophysiological studies were normal. Patients with a history of osteoarthritis, perineural scarring, or an associated medical condition (alcoholism, diabetes mellitus, or rheumatism) were also excluded. All patients in this study experienced idiopathic unilateral ulnar neuropathy in their dominant extremity. The work profiles of patients at the time of surgery were 4 in retirement, 4 office workers, 3 pursuing studies at college, and 1 heavy laborer.
Patients were classified according to Dellon scale of severity of symptoms preoperatively 22 as mild (intermittent sensory symptoms, subjective motor symptoms, no muscle atrophy), moderate (intermittent sensory symptoms, objective weakness in pinch and/or grip strength, no muscle atrophy), and severe (persistent sensory symptoms, objective weakness in pinch and/or grip strength, presence of muscle atrophy). On the basis of preoperative Dellon Classification, 5 (41.7%) elbows were classified as mild, 5 (41.7%) as moderate, and 2 (16.7%) as severe. All patients complained of numbness and partial sensory loss on the little finger and ulnar side of the ring finger in their dominant upper extremity. These symptoms, which did not respond to adequate conservative treatment, had persisted for an average of 6 months (range, 4 -12 months). All had positive Tinel sign and elbow flexion test along the course of ulnar nerve at the elbow. Among them, the heavy laborer and a retired worker manifested atrophy of the muscles innervated by the ulnar nerve. The preoperative electrophysiological studies were considered abnormal in all cases. None of the patients had ulnar nerve subluxation over the medial epicondyle with elbow flexion prior to surgery. Patients were followed up and the results were evaluated in accordance with the Bishop Rating system 23 and postoperative electrophysiological studies, the former includes subjective information (as severity of the residual deficits, postoperative subjective improvement, postoperative work status) and also objective parameters (pinch strength and sensory 2-point discrimination). The Bishop score is defined as poor, 0 to 2; fair, 3 to 4; good, 5 to 7; and excellent 8 to 9 (Table 1) . Pinch strength was measured clinically with a Pinch Gauge (North Coast Medical, San Jose, CA). Sensory testing was carried out by static 2-point discrimination testing both preoperatively and postoperatively.
Surgical Technique
After successful regional block of the brachial plexus, the patient was placed in the supine position with shoulder abducted at 90 degrees and elbow flexed at 90 degrees. A tourniquet was applied as high as possible on the upper arm to permit full mobility of the elbow. A straight incision of approximately 15 mm in length was made overlying the cubital tunnel between the medial humeral epicondyle and the olecranon. Then, the subcutaneous tissues were gently and carefully separated with a dissecting scissors. With the help of mini retractors, Osborne's ligament was divided under direct visualization. Henceforth, the ulnar nerve was visualized and freed from its flimsy attachments to the circumscribing connective tissue (Fig. 1) .
The Endoscope Vessel Harvest System (Wolf Co., Germany) was applied in our study, which includes a 12-mm bolster, a retractor-integrated endoscope with a 10-mm portal and air insufflating inlet, endoscopic scissors, elastic separating pliers, a dissecting hook, and the air insufflation pump. The bolster and retractorintegrated endoscope were first introduced through the 15 mm incision posterior to the medial upper condyle. Here, carbon dioxide was used as the insufflation gas and pressure was set at 10 to 12 mm Hg (20 L/min) to produce a stable gas cavity between the subcutaneous tissue and the antebrachial/brachial fascia. Because of the use of air insufflation pump, an estimate of 3 cm width of the space is created to view the nerve and its surrounding anatomy (Fig. 2) .
Then, a blunt dissector was introduced through the portal and gently into the space between the ulnar nerve and the fibrous ligaments or the deep fascia covering the nerve, and the fibrous ligaments were split consecutively longitudinally with scissors to expose more and The Bishop rating system, which is used to assess the results in all patients after the surgery. FIGURE 1. Identification of the ulnar nerve at the elbow. With the help of mini retractors, Osborne ligament is divided under direct visualization. Hereafter, the ulnar nerve was visualized and freed from its flimsy attachments to the circumscribing connective tissue.
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A New Technique for Cubital Tunnel Release more of the ulnar nerve. Proximally, the endoscopic fascial/ ligamentous split was carried out to the medial intermuscular septum, which was carefully excised. Next, the ulnar nerve was freed bluntly with an elastic separating plier from its attachments in a 360-degree manner, and care was taken to preserve the nourishing vessels of the nerve.
Next is the division of the fibrous raphe between the 2 muscular heads of the flexor carpi ulnaris, and the release of fibrous bands crossing the nerve distally. All constricting elements up to a distance of 8 to 12 cm measured from the midpoint of the retrocondylar groove are divided. In the course of this dissection, all motor branches of the nerve to the flexor carpi ulnaris can be seen and protected.
After that, all the endoscopic instruments and air insufflating systems were taken out, and subcutaneous anterior transposition was performed under direct visualization, which is a standard procedure in our center. The retractor blade was next turned into the volar pocket created earlier. A square, medially pedicled fascial flap on the anterior aspect of the medial epicondyle was carved using a Number 11 scalpel. The tourniquet was released, and any bleeding sites were cauterized with bipolar diathermy. The ulnar nerve was transposed to the anterior aspect using a blunt dissector. The 2 free corners of the lifted fascial flap were sutured loosely to the subcutaneous tissue using absorbable 4 -0 vicryl sutures (Fig. 3) after that, the surgeon slid his little finger proximally and distally along the transposed nerve to ensure no new entrapment points were present. The elbow joint was moved to its full range, simultaneously looking for any afflicting changes to the new course of the ulnar nerve. After all the insufflating gas was expressed from the cavity, the wound was sutured in 2 layers. A well-padded, long-arm splint was worn for 3 days, after which physical therapy was started step by step.
RESULTS
The average length of the incision was 15 Ϯ 3 mm, the mean length of the ulnar nerve decompression was 18 Ϯ 2 cm, and the whole duration of surgery (skin to skin) lasted 30 Ϯ 5 min. The endoscopic-assisted cubital tunnel release under carbon dioxide insufflation and subcutaneous anterior transposition surgeries in all patients were performed with no difficulty. Because of the carbon dioxide insufflation of the ulnar nerve pathway, an adequate visualization of structures was achieved and maintained throughout the procedure. It was not necessary to convert to open surgery in any case. Neither nerves nor vessels were injured as a result of employing this technique. No complications of infection, painful scarring, hypodermic pneumatosis, superficial hematoma, or sensory loss caused by medial antebrachial cutaneous nerve injury occurred in any case.
All patients reported improvement of their symptoms within 24 hours after surgery, and 3 (25%) patients noted complete alleviation of preoperative numbness within 1 week after surgery. All 12 patients had full elbow motion when splint was removed 3 days after surgery. The clinical and electroneurographic follow-up lasted an average of 15 months (ranging from 12 to 18 months). At the latest follow-up, excellent results (8 or 9 points on the Bishop scale) were observed in 10 patients (83.3%), and the other 2, including a heavy laborer and a retired worker, who were classified as severe according to Dellon Classification preoperatively, also showed good results (16.7%). On average, patients reached 8.2 points on the Bishop scale; those patients classified as Dellon grades I or II reached 8.5 points, and those with grade III reached 6.5. An objective improvement in the static 2-point discrimination (Յ6 mm) and pinch strength (Ն80%) occurred in all the patients at their longest follow-up period. All the patients exhibited some degree of improvement, and 5 even had complete normalization in electrodiagnostic studies at the time of their longest follow-up (Table 2 ). There has been no recurrence during the follow-up period. All the patients were satisfied with the surgery results when they returned to their previous jobs or activities 2 weeks postsurgery except for the heavy laborer, who was reassigned to lighter work. All the patients were satisfied with the endoscopic surgery and they would suggest this method to other patients having CuTS.
DISCUSSION
Endoscopic techniques have come to play an increasingly important role in the diagnosis and surgical treatment of various diseases. Minimally invasive techniques represent the gold standard in many surgical conditions. For operations performed in predefined body spaces such as the abdomen, thorax, joint spaces, bladder, brain ventricles, endoscopic techniques have gained predominant popularity. With the advancements in minimally invasive instruments and medical science, application boundaries of the endoscopic techniques have been remarkably broadened. It's a great step for the application of endoscope to expand from predefined physiological space to some of the nonphysiological space of the human body, and key to this approach is the technique of enhancing surgical working area. In the era of minimally invasive surgery, endoscopy has been introduced into cubital tunnel surgery, and many investigators have reported their results using variant space-making techniques to treat CuTS with endoscopic assistance.
Endoscopy was first applied in cubital tunnel surgery with a custom-made glass tube as a means of guidance by Tsai et al in 1992, 15 which was a milestone in the treatment modalities of CuTS. However, the glass tubes were too bulky. Besides, breakage of glass tube might occur during endoscopic surgeries. 20, 21 Another endoscopic technique has been reported by Nakao et al in 2001, 5 which involved 3 separate 5 mm incisions and enabled a fine tape to be inserted subcutaneously and "lifted" up, producing a space above the ulnar nerve for dissection. However, this technique had the potential to injury cutaneous nerves and also the ulnar nerve because the deep edge of the retrograde knife could not be seen. 21 In 2006, tunneling forceps and illuminated specula were used by Hoffmann and Siemionow to release a 17-cm long portion of the ulnar nerve in situ through a 28-mm long skin incision. Excellent results were obtained in 61% of patients and good results in 33% of patients, however, stretching of the nerve by tunneling procedure might have the risk of injuring ulnar antebrachial cutaneous nerve. 16 In the same year, Krishnan et al 14 described his technique of building a pocket in the subcutaneous tissue over the nerve and fascia with the use of a large retractor. However, the type of scope was a combination of the optical system and long retractor, which was believed to be not cost-effective. 17 Flores reduced the costs by applying a neuroendoscope used for ventricular endoscopy, he employed a technique in which the scope and the retractor were used separately. 17 In 2007, Ahcan and Zorman introduced his endoscopic technique by applying an ergonomically balanced and blunt-tipped guiding tool. 18 The procedure resulted in an early postoperative relief of symptoms and good patient satisfaction. However, some investigators thought that the conclusions added nothing new to the literature and arouse other questions with regard to procedures. 24 In 2008, Merolla et al reported a new endoscopic technique with arthroscopic shaver and blunt retractors using elbow arthroscopic portals. However, the treatment of the pathologies proximal and distal to the Struther arcade is a limit of the technique. 19 In this article, we introduce our technique of enhancing surgical working area for endoscopic cubital tunnel release with carbon dioxide insufflation, the idea of which comes from application of abdominoscope system. The loose subcutaneous tissue at the elbow enables the potential space for endoscopic instruments to facilitate the release of a long portion of the nerve. After separating the subcutaneous soft tissues under the 1.5 cm incision and identifying the ulnar nerve under direct visualization, carbon dioxide is insufflated to create a column-like cavity between the subcutaneous tissue and the antebrachial/brachial fascia (Fig. 2) . Therefore, the course of about 20-cm length of ulnar nerve as well as its surrounding anatomy can be sufficiently exposed, which effectively avoids unduly soft-tissue dissection and helps to prevent iatrogenic injury to the branches of the medial antebrachial cutaneous nerve and vascularity surrounding the ulnar nerve, 16, 20, 21 besides, it provides an easier access to dissect and cauterize under direct visualization when removing all potential compression bands. In our clinical practice, we found insufflation with the gas of carbon dioxide at a The general information of the patients with cubital tunnel syndrome treated by endoscopy-assisted cubital tunnel release under carbon dioxide insufflation both preoperatively and postoperatively. At the latest follow-up, excellent results (8 or 9 points on the Bishop scale) were observed in 10 patients (83.3%). On average, patients reached 8.2 points on the Bishop scale; those patients classified as Dellon grades I or II reached 8.5 points, and those with grade III reached 6.5. The 2 patients who did not reach 8 points on the Bishop scale after the 12.5-mo follow-up period (1 with 7 points and the other with 6) were cases which presented with 9.5-mo duration of symptoms (1 with That is because first, compared with other gases, carbon dioxide is available, cost-effective, and safer. Second is about the gas pressure, gas insufflation with lower pressure would cause inadequate visualization to perform endoscopic neurolysis and even increase the risk of iatrogenic injury to nerve branches and vessels, while gas insufflation with higher pressure would cause complications such as hypodermic pneumatosis. By applying the gas insufflation technique mentioned earlier in the text, neither nerves nor vessels were injured, and no patients complained about discomfort due to hypodermic pneumatosis, superficial hematoma, or sensory loss caused by medial antebrachial cutaneous nerve injury. Our results might prove that gas insufflation technique could also be applied in the soft tissues of the extremity besides the abdominal cavity. Moreover, carbon dioxide insufflation appears to enable working across approximately 20 cm of nerve so that after release the nerve can be easily transposed anteriorly, which is an another advantage. In treating CuTS, anterior transposition of the ulnar nerve is a standard procedure in our center. Conventional procedures can be associated with long skin incision, extensive soft-tissue dissection, and substantial postoperative scarring 5 ; however, due to gas insufflation endoscopic techniques, here in these cases, for the first time we could perform tension-free transposition within such mini-invasive incisions. And we employed the technique of ulnar nerve anterior transposition by using a noncompressing fasciodermal sling, which obviated the potential drawback of unstable ulnar nerve after decompression in endoscopic techniques.
The observed follow-up results in this study demonstrated that endoscopy-assisted cubital tunnel release under carbon dioxide insufflation was very effective. There was improvement in the clinical and electrophysiological outcomes in all the patients who underwent the procedure. The worst result was observed in a 48-year-old heavy laborer with a 12-month complaint of numbness little finger and 6-month history of claw hand, who reached 6 points on the Bishop scale. Even in these 2 cases, the result of the surgery was considered satisfactory by the patients because the procedure relieved their discomfortable sensory symptoms. The best results (Bishop score of 9) were found in those cases in which the follow-up electrophysiological studies demonstrated normalization of the parameters following the surgery. This was identified only in those cases who presented as Dellon grades I with no compromise of the strength of the hand. According to Macadam et al's review that analyzed the results of the open surgical decompression (subcutaneous anterior transposition) of the cubital tunnel, the available data revealed a level of improvement from 59% to 90%. 25 The results observed in the present study, with endoscopy-assisted cubital tunnel release under carbon dioxide insufflation, are similar to those previously published in the literature concerning the open approach, demonstrating that the described technique is effective in terms of resolution of the symptoms.
The weaknesses of this project include limited follow-up periods and not being a prospective, randomized but a retrospective study. However, it is important to emphasize that we provide a new technique of enhancing visualization during endoscopic cubital tunnel release, which is safe and effective.
CONCLUSIONS
With carbon dioxide insufflation through an endoscopic approach, adequate longitudinal exploration and release of all potential anatomic compression sites for a distance of approximate 20 cm around the medial epicondyle is possible. Surgeries with this technique demonstrated similar results compared with conventional open surgeries, besides, it may avoid problems such as long incision, painful scarring and have additional advantages of providing an extended endoscopic view, which is safe and mini invasive. The preliminary clinical results in 12 patients seem promising.
